Quantifying energetic contributions to ground state destabilization.
Vibrational spectroscopy has identified that in many cases, substrate association with enzyme active sites results in significant bond polarization. This bond polarization can be attributed to a combination of desolvation, conformational restriction, and true polarization by the local electric field. Quantum chemical calculations permit the extent of polarization to be quantified both in terms of partial charge and energy. The changes in vibrational frequency that occur during the binding process necessarily result in equilibrium isotope effects. The equilibrium isotope effect on association is one feature that differentiates isotope effects on k(cat) and k(cat)/K(m). An improved chemical understanding of the changes that occur on substrate binding will help elucidate the role of substrate activation in enzyme catalysis.